Yong-Jin Wang, 5 Xia Zhang, 5 Ming Xu, 1 Lu Chen, 1, 6 Jian-Xin Zhou, 1 
INTRODUCTION
Emergence agitation is a significant clinical issue during recovery from general anaesthesia. 1 Emergence agitation can suddenly become Strengths and limitations of this study ▪ Patients after intracranial operations are more vulnerable to the stress resulting from emergence agitation during the recovery from general anaesthesia. However, the precise incidence and risk factors of agitation have not been fully investigated in this subset of patients. The main strength of our study is that we will provide the evidence of incidence and risk factors of agitation in a large sample sized multicentre cohort study. ▪ Pain has been identified as an independent risk factor for emergence agitation in nonneurosurgical patients. Patient's self-report pain scales, such as the visual analogue scale or verbal numerical rating scale, have been recommended in pain evaluation in critically ill patients. However, evaluations of self-reported pain scales require a patient's ability to communicate. Consciousness impairment due to intracranial manipulation and postoperative sedation may influence the reliability of these evaluations. For these reasons, we do not incorporate the evaluations of self-report pain scales into our clinical practice, and only document the patient's symptom of pain. This is the main limitation of the study. ▪ The sample size calculation is based on our previous study with a relatively high incidence of agitation. It is likely that the incidence will be lower in this multicentre study. We could not set an anticipated incidence because of the lack of such information. However, this may decrease the power of this study.
dangerous and have serious consequences, such as selfextubation, accidental removal of catheters and injury. Patients after intracranial operations are more vulnerable to the stress resulting from emergence agitation during the recovery from general anaesthesia. 2 3 In our previous pilot study with 123 cases, 4 we found that the incidence of agitation was 29% in patients admitted to the intensive care unit (ICU) after intracranial operations for brain tumours, and this incidence was higher than in those undergoing no intracranial operations. [5] [6] [7] [8] Observational investigations in patients after intracranial surgeries have been scarce. Three large cohort studies that investigated emergence agitation after general anaesthesia excluded neurosurgical patients. [6] [7] [8] Several randomised controlled trials, which compared the influence of different anaesthetics on emergence agitation in patients after intracranial surgeries, revealed that the incidence of agitation during the early postoperative period varied from 2.5% to 13.3%. [9] [10] [11] In a Europe multicentre randomised controlled trial, 411 patients were enrolled after elective supratentorial intracranial surgery under general anaesthesia, and emergence agitation was compared among three different anaesthesia maintenance methods (sevoflurane-remifentanil, sevoflurane-fentanyl and propofol-remifentanil).
11 No significant difference was found in the incidence of agitation among the three groups (3.7%, 5.2% and 6.5%). 11 The incidence of agitation reported in our pilot study was still much higher than these results. 4 9-11 These discrepancies warrant a prospective cohort study with a large sample size to determine the precise incidence of emergence agitation in patients after intracranial surgery.
The causes of agitation are multifactorial. Studies in a non-neurosurgical population have found that pain, endotracheal intubation, duration of surgery and history of long-term treatment with antidepressant agents were the most common independent risk factors for emergence agitation. [6] [7] [8] In our pilot study, we identified two specified independent predictors for emergence agitation after craniotomy under general anaesthesia, prolonged balanced anaesthesia and intracranial operation via the frontal lobe approach. 4 These results indicate that we should pay more attention to this subset of patients. During the performance of our pilot study, we noticed that pneumocephalus after craniotomy might be a potential risk factor for emergence agitation. However, we did not deliberately collect this information because of the lack of design in protocol. Pneumocephalus might be preventable if neurosurgeons are more cautious during the suture of the dura mater. Further studies are needed to clarify whether pneumocephalus would be a risk factor for agitation.
In this prospective multicentre cohort study, we will prospectively enrol adult patients after intracranial surgery under general anaesthesia, investigate the incidence of emergence agitation, identify the risk factors and determine clinical outcomes. Special attention will be paid to clarify the relationship between postoperative pneumocephalus and agitation. These results could provide basic data for the prevention and treatment of emergence agitation in postoperative neurosurgical patients.
METHODS AND ANALYSIS Study design overview
This study is a prospective multicentre cohort study in patients after intracranial surgery under general anaesthesia.
Study setting and population Five ICUs in China will take part in this multicentre cohort study. They are: Each of the participating ICUs is managed by full-time intensive care physicians with a 24 h/7 days on-duty senior medical staff.
Consecutive patients admitted to the ICUs after intracranial surgery are screened daily for study eligibility. The inclusion criterion is adult patients after intracranial operations. The exclusion criteria include: 1. Age younger than 18 years, or older than 80 years; 2. Transsphenoidal surgery, cerebrospinal fluid (CSF) shunt and CSF drainage surgery; 3. Unarousable state during the first 24 h after the operation. Unarousable state is defined as a motor response to external stimuli in Glasgow Coma Scale (GCS) lower than 5; 4. Preoperative impairment of consciousness, evaluated by a medical document; 5. Pregnant or lactating women; 6. Interval longer than 24 h between the end of the surgery and ICU admission; 7. Enrolled in another trial.
Patients were enrolled only once unless they were discharged from the hospital and readmitted more than 180 days after the first enrolment.
End point measures
The primary end point will be the incidence and risk factors of emergence agitation during the first 12 h after an intracranial operation. The levels of agitation and sedation will be evaluated by a Sedation-Agitation Scale (SAS) 13 or a Richmond Agitation-Sedation Scale (RASS).
14 Agitation is defined as an SAS score of 5-7, or an RASS score of +2 to +4. Risk factors for emergence agitation will be investigated. Additionally, we will particularly investigate the relationship between postoperative pneumocephalus and agitation.
The secondary end points will be the clinical outcome variables, which include self-extubation of the endotracheal tube and accidental removal of the central venous or bladder catheters, unexpected reoperation within 72 h after surgery and ICU discharge at postoperative day 1. The uses of sedatives and analgesics during the ICU stay are also documented.
Routine practice of anaesthesia and postoperative care
During the study, routine practices of anaesthesia and postoperative care are followed, and no attempts will be made to change or influence the standard of care. Before organising this multicentre study, we sent inquiry letters to the ICU directors in 13 hospitals in China. If yes, what is the most common agent? Five ICUs will participate in this multicentre study because routine practices of anaesthesia and postoperative care for patients undergoing intracranial surgeries are similar in these ICUs.
All intracranial operations are performed under general balanced anaesthesia or total intravenous anaesthesia in participating hospitals. Typically, anaesthesia is induced with intravenous propofol and fentanyl or sufentanil. Tracheal intubation is facilitated with intravenous vecuronium or rocuronium. Anaesthesia is maintained with propofol and/or sevoflurane or isoflurane. Fentanyl or sufentanil is administered intermittently, as needed. Vecuronium or rocuronium is administered according to train-of-four monitoring. The choice of agents is at the discretion of the anaesthesiologist. 15 As long as there are enough beds, patients after craniotomy are routinely transferred to the ICU. In the ICU, neurological examinations including GCS, focal signs and pupillary examination are performed by nurses hourly or as needed. Haemodynamic and respiratory monitoring includes a five-lead continuous ECG, a pulse oximeter, non-invasive blood pressure and capnography. A postoperative CT scan is not routinely used, but is usually performed in patients who exhibit unexplained delayed awakening or new neurological deficits during the first 24 h postoperatively. Patients are discharged from the ICU the next morning once they achieve normal neurological, haemodynamic and respiratory statuses.
The level of agitation and sedation is evaluated by SAS or RASS. At least one of these two scales has been incorporated into clinical practice in all five hospitals more than 1 year before the enrolment of the patients. All of the physicians and nurses in the ICU have been trained. Nurses assess and document each patient's SAS or RASS every 4 h or as needed. In patients with agitation (SAS=5-7 or RASS=+2 to +4), both the nurse and physician perform careful evaluation to identify the possible organic causes of agitation, such as acute deterioration of respiratory and circulatory status, a new neurological event, pain and hypoglycaemia. Fentanyl (25 µg) is administered intravenously on an as-needed basis. Midazolam or propofol is used, and the level of sedation is titrated to an SAS of 3-4 (or an RASS of −2 to +1).
Definition and documentation of agitation
Agitation is defined as an SAS score of 5-7, or an RASS score of +2 to +4. During the study period, two investigators in each centre evaluate and document the SAS or RASS scores of the enrolled patients on an hourly basis. These investigators are the chief nurses who do not participate in the care of the enrolled patients. Two other investigators review the nursing records daily. Finally, the maximal SAS or RASS for each patient will be determined and confirmed by the four investigators in a daily meeting.
SAS or RASS will be evaluated for 12 h after the enrolment of the patient. According to the maximal SAS or RASS score, patients will be divided into two cohorts: the agitation group and the non-agitation group.
Data collection
During the study period, the number of intracranial surgeries and the number of ICU admissions will be registered. The reason(s) for patients who directly return to the neurosurgical ward will be documented.
For each patient, the following data are collected at study entry: demographic characteristics (sex, age, height and body weight), history of smoking and alcohol abuse, long-term (>1 month) use of antidepressant drugs or benzodiazepines, diagnosis and location of the lesion, and American Society of Anesthesiologists (ASA) physical status. Data collected during the anaesthesia and operation include: approach of the operation, duration of anaesthesia, amount of bleeding, fluid balance and method of general anaesthesia. The postoperative data collected include: GCS at ICU admission, presence of endotracheal intubation, need for mechanical ventilation, presence of an external ventricular drainage tube, symptoms of pain, episodes of pulse oxygen saturation (SpO 2 ) less than 90%, respiratory rate less than 8 breaths/min, mean blood pressure greater than 130 mm Hg or less than 70 mm Hg, and blood glucose greater than 10 mmol/L.
In patients with a postoperative CT scan, pneumocephalus, brain swelling, intracranial haemorrhage and ischaemia or infarction will be documented. Pneumocephalus is defined as intracranial gaseous volume greater than 30 cm 3 , according to the following simple formula recommended by Broderick et al: 16 Intracranial gaseous volume ðcm 3 Þ ¼ ABC=2
where A represents the maximum diameter of gas accumulation; B represents the maximum diameter perpendicular to A on an axial slice showing maximal gas accumulation; C represents the numbers of 1 cm thick CT slices on which the gaseous body is visualised. There are two methods for the evaluation of pneumocephalus volume: the subjective category 17 and the volume calculation by the formula aforementioned. 18 The volume calculation method will be used in this study because we think that this method will provide an objective quantitative evaluation of the pneumocephalus.
Patients will be followed up for 72 h after surgery. The primary clinical outcome variables include selfextubation of the endotracheal tube and accidental removal of central venous or bladder catheters. Secondary clinical outcome variables include unexpected reoperation within 72 h after surgery and ICU discharge at postoperative day 1. The uses of sedatives and analgesics during the ICU stay are also documented.
Current sample size justification
In our previous pilot study, we found that the incidence of emergence agitation was 29% and identified five risk factors. 4 We also found a potential association between pneumocephalus and postoperative agitation in a secondary analysis (unpublished), which was based on limited data and lack of power to test the hypothesis. We therefore propose that this study examine the relationship between these two binary variables in a similar cohort and use the previous data to estimate the sample size requirement.
The proposed study will retain 95% power and conduct two-sided tests with a significance level of 0.05. The computation is based on the relationship between pneumocephalus and post-operative agitation. The OR between these two factors is calculated with pneumocephalus as the binary covariate and agitation as the binary dependent variable. We then adjust the sample size requirement for a multiple logistic regression by a variance inflation factor with the presence of other covariates (five risk factors which were previously identified). 19 Since only a small fraction of enrolled patients may receive a CT scan examination within 12 h after neurosurgical operations in our routine practice, we estimate that approximately 25% of enrolled patients would be available for evaluation of pneumocephalus via a CT scan. In other words, the total sample size required for enrolment should be four times more than the valid sample size required for a multiple logistic regression analysis. We anticipate that the proportion of enrolled patients who received a CT scan with missing primary evaluation will be small (<2%). Therefore, we may expect that the sample size of 400 patients will provide the study with 95% power to detect a difference in primary end point at 5% of significance.
Since the volume of intracranial operations in Beijing Tiantan Hospital is nearly four times that of the other four hospitals, we set the maximal recruitment of 200 patients in Beijing Tiantan Hospital and 50 in each of the other four hospitals. The distribution of maximal SAS score is analysed, and the incidence of agitation is calculated to present the epidemiological characteristics. Univariate analyses between the agitation and non-agitation groups are performed. Categorical variables are analysed by the χ 2 test. Comparisons of continuous data are performed by using the unpaired t test for normally distributed variables and the Mann-Whitney U test for non-normally distributed variables. Factors with p values <0.05 are included in multivariate analysis (stepwise backward logistic regression) to identify independent predictors of agitation. ORs and their 95% CIs are used to assess the independent contributions of significant factors. The HosmerLemeshow test is used to determine the appropriateness of the model.
Statistical analysis
A p value of less than 0.05 will be considered statistically significant.
Data quality and training of research staff A streamlined data case report form will be used in data collection. All principal investigators, research coordinators, physicians and senior nurses at each participating centre are trained on study procedures, including data collection and bedside training on the performance of GCS, SAS and RASS evaluations. CT scans will be saved as Tagged Image File Format (TIFF) imaging for offline analysis. Diagnosis of brain swelling, intracranial haemorrhage and ischaemia or infarction, and calculation of pneumocephalus volume will be carried out by two senior physicians in the Department of Radiology in Beijing Tiantan Hospital blinded to the patient's condition of agitation.
Interim revision of the protocol After receiving the reviewers' comments from BMJ Open, we held a meeting with the principal investigators in each participating centre and discussed the protocol systematically. The protocol was then revised, and thereafter four kinds of data will be collected prospectively as follows: (1) potential surgical factors with agitation, which include the position of surgery (sitting or not), the opening of the basal cistern during the operation (yes or no), closure of the dura mater (yes or no), and the amount of mannitol infusion during the operation; (2) the relationship of agitation with endotracheal extubation (time of extubation will be documented); (3) the convulsive seizure during the study period (defined as a transient episode of abnormal involuntary motor movements according to the definitions proposed by the International League Against Epilepsy and the International Bureau for Epilepsy). 20 The performance of the EEG is at the discretion of the local clinical practice; and (4) the Glasgow Outcome Scale at hospital discharge. 21 Approximately 200 patients had been enrolled by the time of the protocol revision (20 March 2015) . For these already enrolled patients, the anaesthesia records, ICU nursing sheets and medical records will be reviewed retrospectively. These data will be reported in the final version of the results.
ETHICS AND DISSEMINATION Ethical considerations
As no attempts will be made to change or influence standard clinical practices, informed consent was waived with IRB approval. Each participating hospital's IRB also approved this study with a waiver of informed consent.
Dissemination plan
Results of the trial will be submitted to an international peer-reviewed journal. Results will also be presented at national and international conferences relevant to the subject fields.
TRIAL STATUS
The study was initiated in January 2015, and will be completed in May 2015.
SUMMARY
Emergence agitation can suddenly become dangerous and have serious consequences. Patients after intracranial operations are more vulnerable to the stress resulting from emergence agitation during the recovery from general anaesthesia. [1] [2] [3] However, only a few studies have been performed to investigate the emergence agitation in neurosurgical patients. 4 9-11 Our pilot study found that the incidence of agitation in ICU admitted patients after intracranial operations for brain tumours was higher than previously reported. 4 We also identified two specified independent predictors for emergence agitation after craniotomy under general anaesthesia, prolonged balanced anaesthesia and intracranial operation via a frontal approach. 4 These discrepancies and lack of evidence warrant a prospective cohort study with large sample size to determine the precise incidence and risk factors for emergence agitation in patients after intracranial surgery.
In this prospective multicentre cohort study, we will prospectively enrol adult patients after intracranial surgery under general anaesthesia, investigate the incidence of emergence agitation, identify the risk factors and determine clinical outcomes. We will pay special attention to investigate the relationship between postoperative pneumocephalus and agitation. These results could provide basic data for the prevention and treatment of emergence agitation in postoperative neurosurgical patients.
